Abstract High-energy pelvic fractures in trauma patients cause significant morbidity and mortality. A systematic approach to the early evaluation and management of these patients leads to improved outcomes. The initial care of patients with a displaced pelvic fracture and hemodynamic instability should focus upon three areas: 1) resuscitation, 2) bony stability, and 3) hemorrhage control. Aggressive resuscitation with blood products and clotting factors is paramount. The initial reduction of the pelvic ring and temporary stabilization can be achieved through the use of pelvic sheeting or binder placed in the field or trauma bay. Urgent surgical stabilization with external or internal fixation is often required. Hemorrhage control can be achieved through pelvic packing and/or angioembolization. The initial management of displaced pelvic fractures is multidisciplinary and should involve close collaboration between trauma surgery, orthopedic surgery, anesthesia, and interventional radiology.
Introduction
High-energy displaced pelvic fractures represent a significant cause of mortality and morbidity in the trauma patient. Mortality in trauma patients with a pelvic fracture has been reported to range from 5 to 20 % in all-comers [1, 2] , with higher rates in patients with concomitant hemodynamic instability or open injury [2] [3] [4] .
An understanding of the mechanisms of injury that lead to pelvic fractures is useful to guide treatment and understand patterns of injury and causes of mortality. While fractures that result from a head-on impact are associated with significant blood loss, side-pact injuries are often seen in conjunction with head and abdominal injuries [5, 6] .
The initial management of displaced pelvic fractures is multimodal and should involve close collaboration between trauma surgery, orthopedic surgery, anesthesia, and interventional radiology [7, 8] . The immediate care of patients with unstable pelvic fracture should be focused on three primary areas: resuscitation, bony stability, and hemorrhage control.
Evaluation
Patients with a suspected pelvic fracture should be managed according to the principles of Advanced Trauma Life Support (ATLS) [9] . Of primary concern is establishing and maintaining a viable airway while maintaining C-spine control, evaluation of the patient's breathing with maintenance of adequate oxygenation, and protection of the patient's circulation with assessment for hemorrhage and adequate control of bleeding.
During the primary survey, the stability of the pelvis should be assessed [9] . Although physical examination alone without fluoroscopy is not sensitive to detect minor instability, the presence of gross instability portends a severely unstable fracture that may be associated with significant bleeding. The stability of the pelvis is assessed by firmly grasping the iliac wings and assessing for any motion by attempting to push and pull them apart and together [10•] . A significant leg length discrepancy in the absence of an obvious long bone fracture may indicate a vertically unstable and displaced pelvic fracture.
During the secondary survey, the examiner should fully examine the pelvis. Care should be taken to look for open wounds around the pelvis and perineum that may indicate an open injury (Fig. 1 ). All patients should have a digital rectal examination, and female patients should have a vaginal examination to assess for lacerations that could communicate with a pelvic fracture. Open pelvic injuries are associated with mortality of up to 50 % [11•, 12, 13] . Antibiotics including a firstgeneration cephalosporin and a broad-spectrum antibiotic with gram-negative coverage such as gentamycin should be given promptly to reduce the risk of infection [14] . Large perineal or rectal injuries may necessitate a diverting colostomy to avoid contamination of the wounds [15, 16] .
The presence of blood at the urethral meatus may suggest a urethral injury, and in these cases, a retrograde urethrogram (RUG) should be obtained prior to Foley catheterization [17] . Once passed, the presence of blood in the urine may indicate a bladder injury, and a cystogram should be performed [18, 19] .
Obtaining an AP radiograph of the pelvis in the trauma bay is essential in the treatment of a hemodynamically unstable patient with a suspected pelvic fracture. This radiograph alone is enough to direct the initial management of displaced pelvic ring injuries. Some authors have advocated deferring an AP pelvis radiograph if the suspicion of a pelvic fracture is low and the patient is stable enough for computed tomography of the abdomen and pelvis [20] [21] [22] . However, in cases where a pelvic ring injury is likely or the patient is hemodynamically unstable, an AP plain radiograph should be taken as part of the initial primary survey evaluation to allow for the initiation of treatment as soon as possible.
The initial management of a displaced pelvic fracture requires only an AP radiograph; however, definitive treatment most often requires a CT scan to better delineate the posterior injury.
Consultation with the orthopedic trauma service should be initiated as soon as a pelvic fracture is suspected. The successful evaluation and management of these injuries requires a multidisciplinary approach [7, 8] .
Classification
While there are numerous classification systems used to describe pelvic fractures, the most common is the Young and Burgess system [23] . This classification system is based upon the mechanism of injury that leads to predictable patterns of injury and displacement [6, 23] . It is useful in describing injuries and also to help guide both initial treatment and definitive fixation (Fig. 2) .
Anteroposterior Compression (APC). This pattern of injury results from a direct blow to the anterior pelvic ring or occasionally from an external rotation force applied to one lower limb. The common term for this type of injury is "open book" as the anterior pelvic ring separates and opens, while the posterior ligamentous complex of the sacroiliac (SI) joints remains intact, allowing the pelvis to hinge open. APC 1 injuries involve only minor (<2.5 cm) pubic diastasis. APC 2 injuries involve more pubic diastasis (>2.5 cm) but have intact posterior SI ligaments. APC 3 injuries involve significant pubic diastasis and the complete disruption of the posterior SI ligaments. APC injuries permit the expansion of the pelvic ring resulting in a significant increase in pelvic volume. They are often associated with significant hemorrhage, which is the most common cause of death in patients with displaced APC injuries [6] .
Lateral Compression (LC)
. This is the most common injury pattern. It often results from a side-impact motor vehicle collision. A laterally directed force causes the internal rotation of the injured hemipelvis with a reduction in pelvic volume. LC 1 injuries involve superior and inferior pubic ramus fractures with Fig. 1 A patient with a large perineal laceration that communicates with the rectum. A diverting colostomy was required to prevent stool soiling of the wound Fig. 2 The Young and Burgess Classification of pelvic fractures a sacral ala fracture that is often incomplete. LC 2 injuries involve superior and inferior pubic ramus fractures and a fracture/dislocation of the SI joint on the involved side. LC 3 injuries involve a lateral compression-type injury on one side, with an APC-type injury on the contralateral side, and are commonly called "windswept" pelvic fractures. Significant hemorrhage from these injuries is possible, although less common, and is typically the result of arterial injury. The most common causes of mortality in patients with LC-type fracture patterns are associated injuries such as head and abdominal injuries [6] .
Vertical Shear (VS). These injury patterns result from falls from a significant height but also occasionally from motor vehicle collisions [6] . The injury can be either ligamentous or bony or a combination of both. In either case, the hallmark of this injury is the proximal migration of one hemipelvis. Vertical shear fractures are typically very unstable. They often require the placement of skeletal traction to partially reduce the displaced hemipelvis prior to definitive management.
Combined Mechanism. These rare injuries are patterns that do not fit into the other categories. Associated acetabular fractures are often present. These injuries are best described anatomically, and treatment is tailored to the specific pattern of injury and displacement.
Management
The management of displaced pelvic fractures should be multimodal and protocol driven. It has been shown that the use of aggressive management protocols can reduce transfusion rates and mortality [24, 25••, 26, 27]. The initial management of displaced pelvic fractures in hemodynamically unstable patients involves three domains ( Fig. 3 ):
1. Resuscitation 2. Bony stability 3. Hemorrhage control These three domains do not need to be addressed in sequence but, in practice, can be addressed in parallel.
Resuscitation
The pelvic cavity and retroperitoneal space represent a large potential space for exsanguination in the trauma patient. Cadaveric study has shown that the potential volume of the retroperitoneum with an intact pelvis is approximately 5 L, and with the disruption of the bony anatomy, such as with an open-book pelvic fracture, several times, the total body blood volume can be lost into this expanding space [28] . The proper resuscitation of the trauma patient with a pelvic injury is vital to their survival.
Resuscitation begins in the prehospital phase, and usually, by the time a hemodynamically unstable pelvic fracture patient arrives in the trauma bay, they have had an adequate trial of fluid resuscitation with 1 L crystalloid fluid as per the most recent edition of the Advanced Trauma Life Support (ATLS) protocol [9] . The goal of resuscitation is to prevent the development of the lethal combination of acidosis, hypothermia, and coagulopathy. The prevention of hypothermia is an important aspect of resuscitation. Judicious exposure and remembering to re-cover the patient after the examination of the pelvis is key but often overlooked.
Permissive hypotension is a term used to denote the acceptance/target of a lower blood pressure in trauma patients until hemorrhage control is achieved. Its premise is in avoiding the development of a dilutional coagulopathy in the patient. There have been no experimental or observational studies focused on permissive hypotension in pelvic fracture patients specifically. A 2011 randomized controlled trial of trauma patients with hemorrhagic shock assigned patients requiring emergent surgery to a low mean arterial pressure (target MAP 50 mmHg) treatment arm vs a control arm of standard resuscitation to a target MAP of 65 mmHg [29••] . Their preliminary results show significantly lower mortality in the early postoperative period for patients managed with a hypotensive goal. The risk of coagulopathy in the low mean arterial pressure group was lower as was the severity of coagulopathy if it did occur [29••]. There is concern regarding the use of permissive hypotension in certain populations, specifically patients with head injury and elderly patients who have a higher likelihood for coronary artery disease-both of these types of patients can commonly present with an associated pelvic fracture. A recent retrospective study of the TraumaRegister DGU in Germany looked specifically at permissive hypotension in elderly trauma patients [30] . There was no difference in mortality seen between elderly patients treated with preclinical fluid resuscitation of ≤1 L fluid and those treated with >1 L fluid resuscitation. It also appeared that patients in the low volume resuscitation group had a shorter prothrombin ratio (analogous to INR) indicating less coagulopathy. Thus, restraint in fluid resuscitation even in elderly patients may be safe.
Current literature emphasizes the importance of the early use of blood and blood products in resuscitation efforts. The concepts of "damage control resuscitation" first developed through the military experience in Iraq and Afghanistan have led to the general acceptance of a 1:1:1 plasma:platelets:RBCs transfusion protocols [31, 32] . These protocols have been traditionally utilized in the context of the massively transfused patients (RBC requirement of ≥10 units in 24 h); however, more recent studies have begun to apply these principles to all trauma patients requiring transfusion. In a 2013 study of 905 trauma patients, the Prospective, Observational, Multicenter, Major Trauma Transfusion (PROMMTT) investigators demonstrated an association of decreased mortality within the first 24 h with higher plasma:RBC transfusion ratios and within the first 6 h with higher platelet:RBC transfusion ratios [33] .
Age, systolic blood pressure, shock on arrival, revised trauma score (RTS), and base deficit have been identified through retrospective analysis as predictors for transfusion in pelvic fracture patients [2] . The influence of fracture pattern on transfusion requirement has been examined. Traditionally, APC 3 fractures as classified by the Young-Burgess Classification have been shown to require the greatest amounts of fluid resuscitation in the first 24 h [23] . In the modern era of resuscitation, both the Young-Burgess Classification and the Tile Classification for pelvic fractures have been shown to be predictive of transfusion requirements in general [34, 35] ; however, fracture pattern alone cannot solely indicate which patients require transfusion or not as only 40-60 % of pelvic fractures with bony instability require transfusion, and conversely, some pelvic fractures deemed skeletally stable will require transfusion [36] .
Bony Stability
Urgent reduction and temporary stabilization of displaced pelvic fractures is paramount. Displaced pelvic fractures are associated with the disruption of the rich venous plexus in the presacral area and pelvic floor [37] . Fractured bone surfaces are also a significant source of blood loss. Injury patterns can increase the pelvic volume such that the hemorrhage of the multiples of the circulating blood volume into the true pelvis and retroperitoneal space can occur [28] . Furthermore, displaced pelvic fractures are most often unstable, and the movement of fracture fragments can disrupt clots that form as a response to abate hemorrhage. The reduction of displaced pelvic fractures reduces the pelvic volume, re-opposes fractured bone surfaces, and allows for the formation of clot to reduce bleeding.
The easiest and least invasive way to reduce the pelvic volume and temporarily stabilize the pelvis is with circumferential sheeting or the application of a pelvic binder [38•, 39] . Emergency personnel can perform this procedure in the field, or it can be performed upon initial presentation in the trauma bay if a displaced pelvic fracture is suspected [38•] . It is our recommendation that a sheet/binder be applied in all cases of suspected pelvis fracture and then its need be re-assessed after the primary survey and the evaluation of the pelvic radiograph and fracture pattern.
Care should be taken to ensure that the sheet or binder is centered squarely over the greater trochanters and securely tightened (Fig. 4) . Postreduction radiographs are important to gauge the reduction and effectiveness of the sheet or binder. There is some controversy as to the efficacy of using sheet or binder stabilization in the setting of lateral compression injuries; however, the risk is likely very low, and unless the fracture pattern is known, sheeting or a binder should be employed.
If a sheet or binder is applied to a patient with a suspected pelvic fracture, but radiographs reveal no injury, an additional set of films should be taken immediately following the removal of the binder or sheet to ensure that a purely ligamentous injury was not reduced by the sheet and missed on the initial radiographs. To avoid the complication of pressure ulcers and skin breakdown, a binder or sheet should not be left on for more than 24 h.
External fixation is the most commonly employed technique for achieving temporary reduction and stabilization of displaced pelvic ring injuries. The technique involves the placement of Schanz pins into the innominate bones of the Fig. 4 A circumferential pelvic sheet or binder should be centered on the greater trochanters and cinched tight. Additionally, the toes should be taped together to help avoid the external rotation of the injured limb and hemipelvis pelvis [40] . The pins are then used to directly manipulate the fractured fragments, and an external frame is then constructed to maintain this reduction. Pins can be safely placed into the iliac crest without the aide of C-arm fluoroscopy (Fig. 5) . Supra-acetabular pin placement is also useful, although this technique requires the use of C-arm fluoroscopy to ensure safe pin placement.
External fixation is typically used to stabilize the bony pelvis and affects an approximate reduction of the bone fragments [40] . In many cases, once the patient has been stabilized, the frame can be removed and the pelvis can be repaired through an open approach [41] . This allows for a direct reduction of the fracture fragments and avoids the problems associated with long-term external fixation such as pin site infection and a bothersome contraption on the patient [42] . Occasionally, the external fixator is used for definitive fixation, and in these cases, it is often left in place for 8-12 weeks.
While the external fixation of the iliac wings is excellent at controlling the anterior pelvic ring and managing fracture patterns that involve primarily anterior displacement or "open book"-type injuries, injuries that involve the significant displacement of the posterior pelvic ring are often poorly controlled with external fixation alone [43, 44] . External fixator pins are placed into the anterior ring, and given the long lever arm between the posterior ring and the anterior frame, there is little ability to directly control the posterior pelvic ring. In these situations, the use of a "C-clamp" is advantageous. This device involves the placement of two pins, one through the outer table of each ilium, in the area of the sacroiliac joint. An external frame then allows direct compression across the posterior aspect of the pelvis (Fig. 6) [45, 46] . Some authors advocate for urgent or emergent open reduction and internal fixation of displaced pelvic ring injuries [47] . This is particularly useful in the setting of anteroposterior compression (APC) injuries. The surgical approach is simple, and the reduction and fixation of these injuries can often be Fig. 5 External fixation involves the placement of pins into the innominate bones (a). In this case, the pins are placed into the iliac crest (b). An anterior frame is then constructed to maintain the reduction of the pelvis. This frame can be adjusted to allow for access to the abdomen if required. External fixation provides the excellent control of anterior displacement but does not allow for reduction or stabilization of injuries that involve significant posterior displacement Fig. 6 The C-clamp is useful in controlling fractures with significant posterior displacement (a). In this case, specialized pins (b) are placed at the level of the sacroiliac (SI) joint, and direct manipulation and compression of the posterior pelvis is possible accomplished as fast as external fixation. Often, this treatment strategy is combined with retroperitoneal packing (Fig. 7) . Depending on the quality of the reduction and the method of internal fixation, this technique can be used as the definitive mode of fixation or can be revised if required during subsequent visits to the operating room.
Hemorrhage Control
One of the more recent controversies in the early orthopedic management of pelvic fractures in the trauma patient has been the algorithm for management of the "exsanguinating," i.e., hemodynamically unstable pelvic fracture patient.
Traditionally, advocacy for the use of angioembolization has been strong in North America, whereas the use of surgical pelvic packing is more popular in Europe.
Surgical pelvic packing consists of preperitoneal pelvic packing. This may be done through a limited Pfannenstiel incision, and packing within the retroperitoneum is performed without the violation of the peritoneum. Care must be taken to ensure the packs are placed inferior, down into the true pelvis, such that they can tamponade the presacral area and pelvic floor. It is important that the bony stabilization of the pelvis is obtained before preperitoneal packing to allow the packing to achieve a tamponade against the pelvic rim. This technique is explicitly different from the older methods of surgical pelvic packing which frequently occurred transperitoneal through a laparotomy incision and which had suboptimal results [48, 49] .
Within North America, there has been recent increased interest in preperitoneal packing for hemodynamically unstable pelvic fracture patients before angioembolization. One case series at a center that has incorporated preperitoneal packing into their treatment algorithm since 2004 has reported their results noting that preperitoneal packing has been effective in the control of hemorrhage in hemodynamically unstable pelvic fracture patients [50] . During their 5.5-year study period, no pelvic fracture patients died from acute hemorrhage. The The anterior pelvic ring has been reduced, but there is still the subtle widening of the SI joint that will require definitive treatment with a SI screw. Multiple packs are seen within the true pelvis Fig. 8 The angiography of a patient with an unstable pelvic fracture. Note the extravasation of contrast around the branches of the right internal iliac artery and superior gluteal artery (arrows) use of angioembolization secondarily was required in 13 % of those patients who underwent pelvic packing.
Indications for angiographic embolization have included contrast extravasation on arterial phase CT scans and ongoing hemodynamic instability despite fluid and blood resuscitation (Fig. 8) . Fracture pattern alone does not necessarily aide in determining the utility of angiography [51] . The efficacy rates of arterial embolization for pelvic fracture have been reported from 81 to 100 % with the need for repeat embolization in approximately 10 % of cases [52] .
There have been no randomized controlled trials evaluating angiographic embolization vs preperitoneal pelvic packing in the literature. One observational before-and-after cohort study examined the outcomes after a treatment algorithm shift from emergency angiographic embolization to preperitoneal packing [53••] . This study demonstrated shorter median time to operating room compared to mean time to angiography suite. There was a significant decrease in blood transfusion requirement in the immediate 24 h after intervention in the pelvic packing group. No significant differences in mortality or complication rate were observed between the two treatment protocols. Most current studies in the literature comparing angiography vs operating room (OR) do not necessarily address the question of comparative effectiveness-in some studies, the decision to go to the OR first was made on the likelihood of other sources of bleeding (i.e., +FAST), so despite the article title, they do not really compare equivalent situations [54] . The disadvantages of a management protocol reliant solely on angioembolization include delays due to the relative unavailability of the angiography suite/interventional radiologist and that it does not address venous pelvic bleeding. The contribution of venous hemorrhage to pelvic fracture exsanguination has been recognized in previous cadaveric and clinical studies [55] [56] [57] .
Lastly, the use of tranexamic acid (TXA) to control hemorrhage in pelvic fractures remains controversial. Tranexamic acid use during elective arthroplasty surgery has been shown to reduce transfusion rates [58] . There are no studies to date regarding the use of tranexamic acid in pelvic fracture patients. The CRASH-2 trial examined the effects of TXA in trauma patients with or at risk of significant bleeding [59] . Their results showed a decreased risk of early all-cause mortality in patients who received TXA within 8 h of their injury. There was a statistically significant decrease in mortality due Fig. 9 Practical protocol to manage pelvic fractures in hemodynamically unstable patients utilizing retroperitoneal packing for hemorrhage control to bleeding; however, TXA did not appear to make any difference in transfusion requirements between the groups. Thus, a mechanistic explanation of the effect of TXA still remains to be elucidated and tempers its undisputed adoption into the treatment algorithm for bleeding pelvic fracture patients.
Practical Protocol
The protocol we utilize at our institutions is similar to that first described by Cothren et al. [24] . We prefer the use of retroperitoneal packing to control pelvic hemorrhage (Fig. 9) . Patients with significant pelvic injury who fail to respond to 2 units of packed red blood cells are taken for emergent pelvic stabilization and retroperitoneal packing. Patients with a significant pelvic fracture but who respond to blood products are taken either to angiography or to the surgical intensive care unit for close monitoring, and their pelvic fracture is stabilized on a semi-urgent basis.
While we prefer the use of retroperitoneal packing, most centers in the USA favor a treatment strategy that focuses on angiography.
Conclusion
High-energy displaced fractures of the pelvis are a significant source of morbidity and mortality. The management of these complex injuries requires cooperation between the trauma and orthopedic surgeons. In patients with displaced pelvic ring injuries and hemodynamic instability, attention should be focused on aggressive resuscitation of the patient, early stabilization of the bony injury, and hemorrhage control through either angiography or retroperitoneal packing. This was a retrospective cohort study comparing mortality in patients with unstable pelvic fractures treated either with preangiography, with angiography, or with pelvic packing. Early mortality within 30 days was significantly decreased in the pelvic packing group; multivariate logistic regression identified pelvic packing as an independent predictive factor of survival at 24 h. Early mortality within 30 days was significantly decreased in the pelvic packing group; multivariate logistic regression identified pelvic packing as an independent predictive factor of survival at 24 h. 
